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Abstract 
A tube-cavity solar receiver was designed to obtain high temperature air for the micro gas turbine in a two-stage dish 
system. Experiments were conducted under both fair and counter currents with the inlet temperature of ~20°C and the 
flow rate of 1~5m3/h. The average flux on the aperture was ~267 kW/m2. Under the fair current situation, the outlet 
temperature ranged from 559°C to 583°C. Under the counter current situation, the outlet temperature ranged from 
589°C to 661°C. The glass cover was proved useful for the receiver’s performance.  
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1. Introduction  
More and more attention has been paid on the usage of solar energy due to its advantages of clean, no 
pollution and reproducible [1]. One way to use is providing the micro gas turbine with high temperature 
air [2]. Cavity receivers are typically used to produce high temperature air in concentrating solar systems 
(CSP, e.g. dishes and towers) [3]. Due to easy installation and connection with micro gas turbines on the 
ground, a solar air-based cavity receiver in a two-stage dish system was designed [4]. Light beams were 
reflected twice and focused in the receiver, as in fig. 1(a). The receiver makes air flow through a coiled 
pipe to strengthen fluid disturbance and to prolong the resident time of air in the receiver. Experiments 
were conducted to investigate the influence of flow rate and flow direction on the outlet temperature and 
the performances with or without glass cover. 
2. Experimental setup  
A 5-Xe-arc lamp system was used to simulate concentrated light beams.The main component of the 
tube-cavity is made of a copper 15-coiled tube, with a given diameter 14 centimeter and height 25 
centimeter. The copper has excellent properties, including a melting point of >1000°C, a high absorptivity 
of 85% and a high thermal conductivity of 386.3W/m·K [5].  
At the bottom of the receiver is an optical scatter made of stainless steel. 8 K-type thermocouples are 
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Fig.1. (a) Schematic of two-stage dish system; (b) Configuration of cavity receiver 
interval arranged from top to bottom, as in fig. 1(b). The cavity is wrapped with mineral wool insulation. 
The circular cavity aperture is closed by a quartz window to reduce re-radiation and convection heat 
losses [6]. Air is pumped by a fan and a rotameter is used to control the flow rate. 
3. Experiment results and discussion 
The experimental procedure is as follows: (1) opening the 5-Xe-arc lamps and adjusting the elevation 
and azimuth angles of each lamp to ensure that all concentrated light spots are focused on the aperture of 
the receiver; (2) preheating the coiled pipe for about 10min; (3) pumping air (at room temperature ~20°C) 
into the receiver to absorb heat until outlet temperature reaches stable state. The temperatures of air along 
the coiled path were measured using thermocouples and recorded every 10 secs.The flow rate was kept at 
a fixed value (1~5m3/h) by the rotameter. In addition, the air flow direction is defined as fair current (from 
bottom to up) and counter current (from up to bottom). The receiver thermal efficiency  tK  is defined as  
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where c  is the specific heat capacity of air, m  is the mass flow rate; oT , iT  are the outlet and the inlet 
temperatures, respectively; inq  is the irradiative power entering the cavity [7]. 
3.1. Results of different flow rate under fair current situation 
Fig. 2 (a) shows the temperature distribution of inner wall of the cavity, gained by an infrared camera 
after 10min preheating. It shows that the temperature distribute of inner wall presents ascendant trend 
from down to up and then decline to the top. The outlet temperature oT , the highest air temperature hT  
and receiver thermal efficiency tK  are shown as a function of the flow rate  X  in fig. 2 (b). As flow rate  
increases from 1 m3/h to 5 m3/h,  hT  decreases from 634 ć to 587 ć, tK  increases from 8.3% to 40.8%, 
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Fig.2. (a) Temperature distribute of inner wall; (b) Results of different flow rate under fair current situation 
and oT  varies between 559 ć and 583 ć. tK  increases with increasing X  due to increasing convective 
heat transfer between coiled pipe and air. The gap between hT  and oT  results from the temperature 
distribute of inner wall as noted. The decreasing amplitude from hT  to oT  decreases from 51ć to 15ć 
as X  increases from 1 m3/h to 5 m3/h. The temperature drop is restrained by increasing flow rate. 
3.2. Results of different flow rate under counter current situation 
Fig. 3 shows that, under the counter current situation, as flow rate increases from 1 m3/h to 5 m3/h, oT  
decreases from 661°C to 589°C, hT  decreases from 704°C to 605°C, and tK  increases from 9% to 41.7%. 
These indicate that the counter current situation is better than the fair one. It proclaims that the 
comprehensive heat transfer coefficient of the counter current is higher than that of the fair one.  tK  of the 
counter current situation is enhanced because of the reduced re-radiation losses at the cavity inlet due to 
entering cold air at the top. Furthermore, hot-spot problems should be considered in counter current 
situations. 
 
Fig. 3 Results of different flow rate under counter current situation 
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Table1. Outlet temperatures of fair and counter current situations 
Outlet 
temperature 
(°C) 
fair current 
(3m3/h) 
fair current 
(5m3/h) 
counter current 
(3m3/h) 
Counter current 
(5m3/h) 
with glass                               575                                           572                                            621                                     589 
without glass                          564                                           551                                            606                                     584 
3.3. Performances with and without glass cover 
The glass cover has two opposite effects on the performance of the receiver. The positive effect is that 
re-radiation and convection heat losses can be restrained. The negative one is that amount of inlet light 
will be decreased. Table1 compares the outlet temperatures of the condition with glass cover and that of 
without glass cover. For the fair current situation, the outlet temperature increased 11°C and 21°C under 
the flow rate of 3m3/h and 5m3/h respectively. For the counter one, the outlet temperature increased 15°C 
and 5°C respectively. It illustrates that the positive effect plays a more important role than the negative 
one. However, the gap between the two situations is not very great. The result may because experiments 
were conducted in an airtight cabin, the external wind speed was low and the outside temperature was 
high compared to the outdoor situation. The heat losses of the condition without glass cover were at a 
discount greatly. 
4. Conclusions  
A tube-cavity solar receiver was designed to provide high temperature air, and experiments were 
conducted to explore the influence of flow rate and flow direction on the receiver’s performance. The 
outlet temperature can be up to 661°C and 583°C for counter current and fair current respectively under 
an average flux of ~267 kW/m2. The thermal efficiency can exceed 40%. Performances of the counter 
current were better than that of the fair one. In addition, the temperature drop from the highest 
temperature to outlet temperature can be restrained by increasing flow rate.  
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